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Description 

The present invention relates generally to the 
field of electron microscopes and particularly to a di- 
rect imaging monochromatic electron microscope 
useful for X-ray photoelectrons and Auger electrons. 
The invention partially relates to a direct imaging, 
monochromatic electron microscope including emit- 
ting means (16) for emitting electrons from a sample, 
objective means (24) collecting a substantial portion 
of the emitted electrons from the sample, focusing 
means (62) for focusing the substantial portion of the 
emitted electrons into a plurality of groups of electron 
beams, an energy filter (82) receptive of the groups 
of beams to transit monochromatic beams having a 
selected energy, imaging means (102) receptive of 
the monochromatic beams for focusing the same to 
effect an image of the spot, and detector means (110) 
for detecting the image. 

A variety of electron microscopes and associated 
surface analyzers have evolved in recent years. Gen- 
eral background is given, for example, in Introduction 
to Analytical Electron Microscopy , Plenum Press 
(New York 1979). A popular type is a scanning elec- 
tron microscope in which a focused electron beam is 
scanned over a sample surface with secondary elec- 
trons being detected in correlation with scanning pos- 
ition and processed electronically to provide a picture 
of topographical features. Associated mapping of 
chemical constituents in the surface is achieved with 
characteristic X-rays produced by the electron beam. 
However, resolution from the X-Rays is not commen- 
surate with the topographical resolution. Also, X-rays 
are not suitable for detecting elements with low atom- 
ic numbers or for near surface sensitivity. 

Another method for analyzing surfaces is with 
secondary Auger electrons generated at the sample 
surface by the focused primary electron beam. Auger 
microprobes are suitable for detecting elements with 
low atomic numbers and have sensitivity to a few 
atomic layers. Surface mapping of elements is ac- 
complished by scanning with the primary electron 
beam. An example of a scanning Auger microprobe is 
provided in US-A-4048498. Scanning Auger is limited 
in analysis area to about 500 angstroms diameter by 
scattering of the primary beam in the surface region. 

Another approach to surface analysis is electron 
spectroscopy for chemical analysis (ESCA) which in- 
volves irradiating a sample surface with X-rays and 
detecting the characteristic photoelectrons emitted. 
The photoelectrons are filtered by electrostatic or 
magnetic means which allow only electrons of a spe- 
cified energy to pass through. The intensity of the re- 
sulting beam reflects the concentration of a given 
chemical constituent of the sample surface. US-A- 
3617741 and 3766381 describe such a system. 
Chemical mapping of the surface requires moving a 
component or aperture to detect electrons from vari- 



ous parts of the surface, since X-rays generally can- 
not be focused sufficiently onto small areas of the 
surface to allow scanning with high resolution. 

Therefore, continuing efforts have been directed 
5 toward direct imaging of characteristic emissions. 
One approach is described in "Photoelectron Micro- 
scopy - Applications to Biological Surfaces" by O. 
Hayes Griffith, presented at a symposium "Small 
Area Solid and Surface Analysis" in New Orleans, 
10 February 25 - March 1 , 1 985. The system described 
therein images low energy photoelectrons from ultra- 
violet radiation. It is acknowledged therein that an ele- 
mental analysis is not provided. Also, imaging with 
higher energy electrons has been less successful be- 
ts cause of aberrations that become more prominent 
The Griffith document, on Page 16, describes a 
further approach In which emitted electrons are fo- 
cused with spiral trajectories along magnetic flux 
lines. Resolution depends on the diameter of the spi- 
20 ral, and it is pointed out that the main limitation is that 
maximum magnification, and therefore resolution, is 
low. 

Energy filtering of the electron beams is impor- 
tant to obtain a monochromatic beam characteristic of 
25 an element being analyzed. Electrostatic filtering 
may be achieved with concentric hemispherical con- 
ductors having an applied voltage therebetween, 
such as described in aforementioned US-A-3766381. 
A magnetic system for filtering electrons is de- 
30 scribed in "Modification of a Transmission Electron 
Microscope to Give Energy-Filtered Images and Dif- 
fraction Patterns, and Electron Energy Loss Spectra" 
by R. F. Egerton, J. G. Philip, P. S. Turner and M. J. 
Whelan, Journal of Physics E: Scientific Instruments , 
35 Volume 8, 1033-1037 (1975). This reference de- 
scribes a transmission electron microscope. The en- 
ergy filter is a magnetic prism cooperative with an 
electrostatic mirror to transit the electrons twice 
through the prism. Direct imaging of surface ele- 
40 ments is achieved with relatively high energy elec- 
trons (e.g. 80 keV). However, although the filtered en- 
ergies of transmitted electrons are representative of 
elemental constituents, this instrument utilizes spe- 
cially prepared thin film samples in transmission and 
45 is not intended to analyze solid surfaces. 

An instrument for imaging secondary ions from 
surfaces is described In "Secondary Ions Microanal- 
ysis and Energy-Selecting Electron Microscopy" by 
R. Castaing, Electron Microscopy in Material Scien- 
50 ces, Academic Press (New York 1971) pages 103- 
161. This instrument accelerates very low energy 
(e.g. 10 eV) secondary ions from surfaces and per- 
forms mass and energy analysis while simultaneous- 
ly forming two dimensional images. 
55 A variety of electrostatic and magnetic electron 

lenses are known as described, for example, in the 
aforementioned text by Hren etal. One such magnetic 
lens is a single pole piece lens described in Hren et 
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at. on pages 68-69 as pancake and snorkel lenses. 
Further details of snorkel lenses are given in "Some 
Properties of single Pole Piece Objective electron 
Lenses" by S.M. Juma, M. A. A. Khaliq and F. H. Antar, 
Journal of Physics E: Scientific Instruments, Volume 
1 6. 1063-1068 (1983). Single pole piece lenses appa- 
rently have not evolved to be useful in practical elec- 
tron microscopy. 

In view of the foregoing, a primary object of the 
present invention is to provide an electron micro- 
scope for two dimensional imaging of moderate ener- 
gy (50 to 3000 eV) secondary electrons are emitted 
from solid surfaces, where the emitted electrons are 
monochromatized in the process. 

Another object is to provide a novel direct imaging 
microscope that is particularly useful for X-ray photo- 
electron chemical analysis of surfaces. 

A further object is to provide a novel direct imag- 
ing microscope that is particularly useful for chemical 
mapping with Auger electrons. 

Yet another object is to provide a monochromatic 
electron microscope having improved collection effi- 
ciency of electrons from a sample surface. 

The foregoing and other objectives are achieved 
according to the present invention by a direct-imag- 
ing, monochromatic electron microscope as stated 
above, which is characterized by the features of the 
characterizing portion of claim 1 . 

The microscope includes emitting means for 
emitting electrons from at least one and preferably a 
plurality of spots across a sample surface, objective 
means for collecting a substantial portion of the emit- 
ted electrons from the sample surface and focusing 
means for focusing the substantial portion of the emit- 
ted electrons into a plurality of groups of electron 
beams. The microscope further includes an energy 
filter receptive of the groups of beams to transit 
monochromatic beams having a selected energy, im- 
aging means receptive of the monochromatic beams 
for focusing the same to effect an image of the plur- 
ality of spots, and detector means for detecting the 
image. The microscope further comprises a magnetic 
objective lens and preferably a single pole piece ob- 
jective lens formed of a magnetic field generating sol- 
enoidal coil with a dish shaped magnetically perme- 
able member cupped coaxially over the solenoidal 
coil. The permeable member more preferably has a 
neck portion extending through a central hole in the 
coil. The objective lens is situated to collect the sub- 
stantial portion of the emitted electrons from a sam- 
ple surface that is interposed proximate the objective 
lens and is most preferably between the objective 
lens and the energy filter. 

Suitable for the energy filter is a spherical analyz- 
er of hemispherical configuration with an entrance 
aperture receptive of the electron beams from the fo- 
cusing means and a slotted exit aperture located dia- 
metrically opposite the entrance aperture. The elec- 



tron microscope also should include means for se- 
lecting the energy for the monochromatic electron 
beams. 

Firure 1 is a schematic diagram of an electron mi- 
5 croscope having components according to the pres- 
ent invention. 

Figure 2 is an axial cross section of an objective 
lens utilized in the electron microscope of Fig. 1. 
Figure 3 is an axial cross section of a transfer lens 
10 utilized in the electron microscope of Fig. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

A direct imaging monochromatic electron micro- 
15 scope according to the present invention is illustrated 
schematically in Fig. 1 . The system components are 
in appropriate enclosures (not shown) so as to oper- 
ate at high vacuum. The preferred purpose of the mi- 
croscope is to display a two dimensional map of a se- 
20 lected elemental constituent according to its concen- 
tration at or very close to a surface 1 2 of a sample 1 4. 
The surface is subjected in the conventional manner 
to a beam 15 from an energy source 16, preferably a 
source of electrons or X-rays. 
25 In the case of an electron beam source it is es- 

pecially useful that the beam be of suitable energy to 
cause Auger electrons to be emitted from the sample 
surface. With incident X-rays, photoelectron emis- 
sion will occur and be utilized. With either of these 
30 sources or other similar situations of electron emis- 
sion or transmission, the electron microscope of the 
present invention filters the energies of the electrons 
to produce and image a packet of monochromatic 
beams having a selected energy characteristic of a 
35 constituent element being mapped. 

The emitted electrons from surface 12 are col- 
lected by a magnetic type of objective lens 20 which 
is preferably of the single pole piece type, such as a 
pancake lens and most preferably a snorkel lens such 
40 as disclosed in the aforementioned pages 68-69 of 
Hren et al. and the article by Juma et al. (As used 
herein and in the claims, "lens" refers to an electron 
optical component.) Such a snorkel lens is illustrated 
in Fig. 2. of the present application. The snorkel ob- 
45 jective tens includes a magnetic field generating sol- 
enoidal coil 22 of wire having a central hole 24 there- 
in. Wire leads 26 from the coil are connected to a cur- 
rent source 28. For example, the coil has 500 turns, 
and a current of 1 ampere is used. 
50 A dish-shaped magnetically permeable member 

30 is cupped coaxially over solenoidal coil 22. The 
permeable member has a neck portion 32 with a tip 
36 extending substantially through central hole 24 of 
the coil. As example the outer diameter of the neck is 
55 20 mm and its overall length is 30 mm. Coolant may 
be needed, In which case cover plate 38 of non-mag- 
netic material such as aluminum cooperates with per- 
meable member 30 to enclose coil 22 in a coolant 
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chamber 40 with an inlet pipe 42 and an outlet pipe 
44 for the coolant to disperse heat generated in the 
coil by the current. 

Tip 36 of the neck of the lens is positioned toward 
sample surface 12. The sample, in this preferred em- 
bodiment, is outerposed between neck tip 36 and fo- 
cus plane 54 as well as subsequent components to be 
described. Because of the characteristics of this lens, 
a very wide solid angle of reception of electrons from 
surface 12 is practical, even approaching 60°. The 
magnetic field of the single pole lens is such that the 
electrons are focused in a first image plane 54 (Fig. 
1 ). A magnification of about 10 is preferred. 

According to principles of electron optics, groups 
of electron beams are focused by objective lens 20 
through an objective aperture 55 into image plane 54 
in a pattern in correlation with various electron-emit- 
ting spots on the sample surface. Two such groups 
56,60 are shown in Fig. 1, as solid and broken lines 
respectively. These are shown tracing through most 
of the system (the broken lines are partially omitted 
for clarity). Aperture 55 limits aberrations from the 
objective lens. An orifice 61 in image plane 54 selects 
the electron beams for the area on surface 12 to be 
mapped. Although not shown, the objective lens sys- 
tem may include additional magnetic or electrostatic 
lens components of the desired or conventional type 
between the single pole piece lens 20 and orifice 61. 
particularly for Auger imaging where more magnifica- 
tion is often needed. 

A transfer lens 62 is spaced beyond image plane 
54 a distance corresponding to the focal distance of 
the transfer lens so as to refract each group into a 
group of parallel electron beams. The transfer lens 
may be any conventional, high quality type lens, eith- 
er electrostatic or magnetic, but should have a total 
coefficient of aberration less than 50 cm, and prefer- 
ably less than 30 cm. 

A particularly desirable transfer lens 62 is depict- 
ed in Fig.3 and is of the type described in a document 
entitled "An Asymmetric Electrostatic Lens for Field 
Emission Microprobe Applications" by J. Orloff and L. 
W. Swanson (June 1 978). A washer-shaped first com- 
ponent 64 with a first orifice 66 therein constitutes the 
inlet side for the beams. A cup-shaped second com- 
ponent 68 has a flat cup-bottom portion 70 spaced 
coaxially proximate to first component 64. A washer- 
shaped third component 72, similar to component 64, 
is spaced coaxially proximate the rim 74 of cup-shap- 
ed second component 68. The first, second and third 
components have coaxial orifices 66,76,78 of similar 
diameters for cooperatively passing the electrons 
therethrough. Lens 62 desirably is operated with the 
first and third components 64,72 at earth potential 
(i.e., generally the potential of enclosures for the sys- 
tem, not shown), and second component 68 at a neg- 
ative voltage relative to the earth potential, from a vol- 
tage source 80. 



Referring again to Fig. 1 an energy filter 82 is re- 
ceptive of the electron beams to pass tnrougn (tran- 
sit) corresponding monochromatic beams having a 
selected energy. The filter is of the known or desired 
5 type such as a prism-mirror system shown in the 
aforementioned article by Egerton et al. However, 
particularly for x-ray photoelectrons, the filter prefer- 
ably is a spherical analyzer of conventional hemi- 
spherical configuration with an inner hemisphere 84 
10 and an outer hemisphere 86. This analyzer provides 
large input solid angle and area necessary for x-ray 
photoelectron imaging. 

An entrance aperture at 88 is receptive of the 
electron beams from the transfer lens. A slotted exit 
is aperture at 90 lies diametrically opposite the en- 
trance aperture. 

A negative deflecting voltage relative to inner 
hemisphere 84 is applied to outer hemisphere 86 from 
a voltage source 96 and lines 97. It will be recognized 
20 that beam trajectories between hemispheres 84,86 
depend on electron energy and applied voltage, and 
only beams of a selected narrow energy range transit 
through exit aperture 90. Aberrations are at a minW 
mum at the 180° hemispherical path exit 
25 Selecting the energy for the monochromatic elec- 

tron beams is by known or desired means, for exam- 
ple by adjusting the applied voltage from source 96. 
Alternatively a conventional electron lens 98 may be 
used which selectively modifies the energy of the 
30 electrons received by energy filter 82. The lens may 
be integral with or constitute transfer lens 62. The en- 
ergy modifying lens 98 is indicated schematically be- 
tween transfer lens 62 and filter 82 in Fig. 1 . Electron- 
ic controlling means 100 for lens 98 in cooperation 
35 with f ilter 82, effect the selected energy of the mono- 
chromatic beams emerging from aperture 90. Option- 
ally, and preferably, the energy modifying lens is sit- 
uated at 98' between transfer lens 62 and objective 
lens 20, with a controller 100'. Also one or more lens- 
40 es at 98' may be used for further magnification. Suit- 
able lenses 98 (or W) are disclosed in aforemen- 
tioned US-A-3766381 and 3617741. 

A second transfer lens 102 is positioned beyond 
exit aperture 90 so as to be receptive of the mono- 
45 chromatic beams to refocus the same. The second 
transfer lens may be substantially identical to the first 
transfer lens but oppositely oriented. Thus the second 
lens 102 has an outlet side from which the refocused 
beams emerge, corresponding structurally to the inlet 
so side of first transfer lens 62. The outlet side of lens 62 
would be represented by first component 64 shown in 
Fig. 3. 

The beams are then focused into a second image 
plane 104 with an orifice 105 therein located at the fo- 
55 cal distance of the second transfer lens. A projection 
lens 106 receptive of the refocused beams images 
the same in a projection plane 108 where a channel 
plate electron multiplier 110 is located. Typically sig- 




nals from the channel plate multiplier are convention- 
ally detected and processed with a system (not 
shown) including a position sensitive device and proc- 
essed for presentation as an image on a monitor or 
camera. Such an image shows compositional varia- 5 
tions in a two dimensional area on sample surface 12, 
for a selected compositional element having a char- 
acteristic electron emission energy chosen for the 
monochromatic beam. 

The magnetic lens, and particularly the snorkel to 
lens, as in Fig. 2, when utilized in the orientation mode 
described herein and combined with the other compo- 
nents of the electron microscope according to the 
present invention, provides for a wide angle pickup 
and focusing of emitted electrons with low aberra- 15 
tions, with sufficient electron Intensity for direct imag- 
ing and thus a high resolution of variation in compo- 
sition along the surface. For example with X-ray pho- 
toelectrons, in an ESCA system, having energies of 
about 500 to 1000 electron volts, a surface spot re- 20 
solution of 0.5 microns Is practical. For Auger elec- 
trons, which have similar energies, the resolution 
should be lO-^-IOr* m (100-200 angstroms), being 
limited only by signal strength. Another substantial 
advantage of the high efficiency is ability to use less- 25 
er local intensity of the source beam on the surface 
and attendant reduced surface damage to a small 
spot 

The microscope is described hereinabove for 
mapping a plurality of spots on the sample surface. so 
The plurality of spots generally will approach a con- 
tinuum. However, it may be desirable to collect all 
electrons from the entire area of the multiplier 108 in 
order to analyze the entire surface area with a high in- 
tensity beam resulting in a high total signal. Alterna- 35 
tively the energy source 16, such as an electron 
beam, may be focused into a spot on the surface and, 
for example, may be scanned over the surface in a 
scanning mode. In either event, the microscope of the 
present Invention is advantageously utilized as an 40 
analysis device without direct imaging, with high col- 
lection efficiency and, therefore, sensitivity. 

While the invention has been described above in 
detail with reference to specif ic embodiments, vari- 
ous changes and modifications which fall within the 45 
spirit of the invention and scope of the appended 
claims will become apparent to those skilled in this 
art. The invention is therefore only intended to be lim- 
ited by the appended claims or their equivalents. 



Claims 

1. A direct imaging, monochromatic electron micro- 
scope including a primary radiation source (16) 
directed to emit electrons simultaneously from a 
plurality of spots across a sample surface (12), 
objective means (24) collecting electrons from 
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the sample emitted in a wide angle, focusing 
means (62) for focusing the wide angle emitted 
electrons into a plurality of groups of electron 
beams, an energy filter (82) receptive of the 
groups of beams to transit monochromatic 
beams having a selected energy, imaging means 
(102) receptive of the monochromatic beams for 
focusing the same to effect an Image, and detec- 
tor means (110) for detecting the image, 
characterised in that 

said primary radiation source (16) is arranged to 
irradiate the sample from the surface side, 
the objective means (20) comprise an objective 
lens formed of a magnetic field generating sole- 
noidal coil (22) having a central hole (24) therein 
with a dish-shaped magnetically permeable 
member (30) cupped coaxially over the solenoW 
dal coil (22), the permeable member (30) having 
a neck portion (32) extending substantially 
through the central hole, and the objective lens 
being situated to collect the wide angle emitted 
electrons from the sample surface (12) inter- 
posed between the objective lens (20) and the fo- 
cusing means (62) proximate the neck portion. 

2. An electron microscope according to claim 1 
wherein the energy filter (82) comprises a sphe- 
rical analyzer of hemispherical configuration with 
an entrance aperture (88) receptive of the elec- 
tron beams from the focusing means (62) and a 
slotted exit aperture (90) located diametrically 
opposite the entrance aperture (88). 

3. An electron microscope according to claim 1 fur- 
ther comprising means (96) for selecting the en- 
ergy for the monochromatic electron beams. 

4. An electron microscope according to claim 1 
wherein the primary radiation source (16) com- 
prises an electron gun directed at the sample sur- 
face to cause Auger electron emission from the 
sample surface (12). 

5. An electron microscope according to claim 1 
wherein the primary radiation source (16) com- 
prises an X-ray source directed at the sample 
surface (12) to cause photo electron emission 
from the sample surface. 



Patentanspruche 

1 . Ein direkt abbildendes monochromatisches Elek- 
tronenmikroskop miteiner Hauptstrahlungsquel- 
le (16), die zur gleichzeitigen Emission von Elek- 
tronen von einer Vielzahl von Punkten auf einer 
Probenoberfiache (12) vorgesehen ist, einer Ob- 
jektiworrichtung (24), die die von der Probe in ei- 
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nen weiten Winkel emittierten Elektronen sam- 
melt, einerfokusslerenden Voriichtung (62) zum 
Fokussieren der In den weiten Winkel emittierten 
Elektronen in eine Vielzahi von Elektronenstrahl- 
gruppen, einem Energief ilter (82). der die Strahl- 5 
gruppen empfangt und monochromatische 
Strahlen mit einer ausgewfihlten Energie durch- 
laBt einer abbiidenden Voriichtung (102), die die 
monochrornattechen Strahlen zum Fokussieren 
derselben zur Erzeugung eines Bildes empfangt, to 
und einer Detektorvonichtung (110) zum Detek- 
tieren des Bildes, 
dadurch gekennzelchnet, 
daB die Hauptstrahlungsquelle (16) so angeord- 
net ist, daft die Probe von der Seite der Oberfla- 15 
che aus bestrahlt wird, 

dad die Objektiworrichtung (20) eine ObjektMin- 
se umfaBt, die aus einer ein magnetisches Feld 
erzeugenden Solenoidspule (22) mit einer darin 
vorgesehenen zentralen Offnung (24) gebildet 20 
ist, wobei eln teilerf6rmiges magnetisch per- 
meases Tell (30) koaxial Oberdle Solenoidspule 
(22) gestQIpt 1st, wobei das permeable Teil (30) ei- 
nen Halsabschnitt (32) auf weist, der sich im we- 
sentlichen durch die zentrale Gffnung erstreckt, 25 
und wobei die Objekttvlinse so angeordnet 1st, 
da& sie die in den weiten Winkel emittierten Elek- 
tronen von der Probenoberflache (12) sammelt, 
die zwischen der Objektivlinse (20) und der fo- 
kussierenden Voriichtung (62) in der Nahe des so 
Halsabschnitts angeordnet ist 

2. Ein Elektronenmikroskop nach Anspruch 1, wo- 
bei der Energief ilter (82) einen spharischen Ana- 
lysator mit halbkugelformigen Aufbau umfaBt mit 35 
einer Eingangsausnehmung (88), die Elektro- 
nenstrahlen von der fokussierenden Voriichtung 

(62) aufnimmt, und einer geschlitzten Austritts- 
ausnehmung (90), die diametral der Eintrittsaus- 
nehmung (88) gegenuberliegend angeordnet ist 40 

3. Ein Elektronenmikroskop nach Anspruch 1 , das 
weiter eine Voriichtung (96) zum Auswahlen der 
Energie fur die monochromatische n Elektronen- 
strahlen umfaBt 45 

4. Ein Elektronenmikroskop nach Anspruch 1, wo- 
bei die Hauptstrahlungsquelle (16) eine auf die 
Probenoberflache gerichtete Elektronenkanone 
umfaBt, urn eine Auger-Elektronenemission von so 
der Probenoberflache (12) zu bewirken. 

5. Ein Elektronenmikroskop nach Anspruch 1, wo- 
bei die Hauptstrahlungsquelle (16) eine R6nt- 
genstrahlquelle umfaBt, die auf die Probenober- ss 
flfiche (12) gerichtet ist, urn eine Fotoelektronen- 
emission von der Probenoberflache zu bewirken. 



Revendications 

1. Microscope electronique monochromatique a 
image directe comprenant une source (16) de 
rayonnement primaire orientee de maniere a 
emettre des electrons simultanement depuis une 
pluralite de points sur une surface (12) d'un 
echantlllon, des moyens d'objectif (24) collectant 
des 6lectrons emis dans un grand angle depuis 
I'echantillon, des moyens de focalisation (62) 
pour focaliser les electrons amis dans un grand 
angle en une pluralite de groupes de faisceaux 
d'electrons, un filtre d'energle (82) recevant les 
groupes de faisceaux pour laisser passer des 
faisceaux monochromatiques ayant une energie 
choisie, des moyens de formation d'image (102) 
recevant les faisceaux monochromatiques pour 
les focaliser de maniere a obtenir une image, et 
des moyens de detection (110) pour d6tecter 
I'image, 

caracterise en ce que : 

- ladite source (16) de rayonnement primaire 
est disposee de maniere a irradier la surfa- 
ce de Techantitlon, 

- les moyens d f objectif (20) comprennent 
une lentille d'objectlf consistant en une bo- 
bine spheroTdale (22) creant un champ ma- 
gn6ttque, possedant un trou central (24) 
avec un organe (30) permeable magneti- 
quement et en forme de cuvette dispose en 
coupe coaxialement par-dessus la bobine 
spheroTdale (22), I'organe permeable (30) 
ayant une partie protub6rante (32) s'eten- 
dant sensiblement a travers le trou central, 
et la lentille d'objectif etant situee de ma- 
niere a collector les electrons emis dans un 
grand angle depuis la surface (12) de 
I'echantillon qui est interposee entre la len- 
tille d'objectif (20) et les moyens de focali- 
sation (62), a proximite de la partie protube- 
rante. 

2. Microscope 6lectronique selon la revendication 
1 , dans lequel le filtre d'energie (82) comprend un 
analyseur spherique de configuration hemisphe- 
rique avec une ouverture d'entree (88) recevant 
les faisceaux d'electrons depute les moyens de 
focalisation (62) et une ouverture de sortie (90) 
en fente, situee diametralement a Poppose de 
I'ouverture d'entree (88). 

3. Microscope electronique selon la revendication 
1 f comprenant en outre des moyens (96) pour 
choisir I'energie pour les faisceaux d'electrons 
monochromatiques. 

4. Microscope electronique selon la revendication 
1 , dans lequel la source (1 6) de rayonnement pri- 
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maire comprend un canon a electrons oriente 
vers la surface de rechantillon pour provoquer 
remission d'electrons Auger depuls la surface 
(12) de rechantillon. 

5 

5. Microscope electronique selon la revendication 
1, dans lequel la source (16) de rayonnement pri- 
malre comprend une source de rayons X orientee 
vers la surface (12) de rechantillon pour provo- 
quer remission de photoelectrons depuis la sur- 10 
face de rechantillon. 
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